
INTRODUCTION

The present study analyses the environmental condi-

tions of the Middle Jurassic ore-bearing clays from

Gnaszyn, Central Poland, based on their foraminiferal

record. The analysis is a part of a multidisciplinary proj-

ect aimed at reconstruction of the sedimentary conditions

of the Gnaszyn succession (see Gedl and Kaim 2012, this

issue). The project is based on several fossil groups, as

well as on sedimentological and geochemical data. Each

study in the project is based on the same sample set, span-

ning the Middle–Upper Bathonian succession exposed in

an active clay-pit in Gnaszyn. Preliminary studies on the

succession (Smoleń in Gedl et al. 2003; Smoleń 2004,

2006), showed that the foraminiferal assemblages show

distinct fluctuations in their taxonomic composition, ap-

parently reflecting environmental changes during the

deposition of the ore-bearing clays.

Although some palaeoecological remarks based on

foraminifers from the Middle Jurassic ore-bearing clays

in southern Poland were published (Garbowska et al.
1978), most of the older publications are focused on their

taxonomy and biostratigraphic significance (e. g., Paz-

dro 1954, 1959, 1969; Kopik 1988). 
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MATERIAL AND METHODS

The Middle Jurassic ore-bearing clays in Gnaszyn,

SW of Częstochowa (Kraków-Silesia Homocline,

south-central Poland; Text-fig. 1), form a 23-m thick

succession of monotonous, dark greyish mudstones

and claystones, with 7 horizons of sideritic concretions

(Text-fig. 2). The sediments are strongly bioturbated,

with the original sedimentary structures only rarely

preserved (for more details see Leonowicz 2012, this

issue; Gedl and Kaim 2012, this issue). The succession

is of Middle–Late Bathonian age (Subcontractus

through Retrocostatum ammonite zones; Matyja and

Wierzbowski 2003). 

The set of 38 samples was collected from three sec-

tions within the Gnaszyn clay-pit (see Gedl and Kaim

2012 for more details on sample location). Samples

from the north-eastern quarry wall (section A; samples

Gns32–38 and Gns1–13; Text-fig. 2A) document the

lower and middle part of the succession; samples from

southern part of the quarry (section C; Gns24–31; Text-

fig. 2C), document the uppermost part of the succession,

and samples from the north-western wall (Section B;

Gns14A–22; Text-fig. 2B), duplicate the middle part of

the succession. 

All samples were subjected to a standard maceration

technique. Rock samples were disintegrated with

Glauber’s salt, washed with water and sieved through a

0.1 mm sieve. A minimum of 300 specimens was picked

from each residue for statistical analysis except for sam-

Text-fig. 1. Geological sketch-map of the Częstochowa area (A – after Majewski 2000) and location of the studied Gnaszyn clay-pit (B – after Matyja and 

Wierzbowski 2003)



ples Gns29–33 (section C, Text-fig. 1), where fewer than

100 specimens were picked. Taxonomic observations

and photographs were taken under a Nikon stereoscopic

microscope SMZ-2T and SEM (LEO 1430), at the Pol-

ish Geological Institute, Warszawa, Poland. The classifi-

cation of Loeblich and Tappan (1987) is followed.

RESULTS

Foraminiferal assemblages 

The Gnaszyn succession yielded 56 foraminiferal

species (see Appendix). The assemblage is strongly dom-

inated by calcareous benthic taxa. The agglutinated

species are much less frequent and less diverse, and a sin-

gle planktonic species, Globuligerina bathoniana (Text-

fig. 7K), is known from only three samples (Gns4, Gns35,

Gns14A). Two types of foraminiferal assemblages, dis-

tinct in their quantitative and qualitative composition

(Text-fig 3), are distinguished; type I assemblages, char-

acterizing the intervals between the horizons with sideritic

concretions; and type II assemblages, characterising the

horizons with sideritic concretions. 

Type I assemblages. These assemblages occur in the

middle of section A (samples Gns1–7) and in the middle

of section B (samples Gns18–22). They are characterized

by a low-diversity association of calcareous benthic

foraminifera, which represent between 80% and 96% of
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Text-fig. 2. Lithological logs of the Gnaszyn sections with sample location (from Gedl and Kaim 2012)
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Text-fig.  3. Occurrence and frequency of the foraminifers in type I and II foraminiferal assemblages (I and II) in the Gnaszyn sections A, B and C



the assemblage (Text-fig. 4). A characteristic feature of

type I assemblages is the mass occurrence of the genus

Epistomina (family Ceratobuliminidae), and especially of

its species Epistomina nuda (Text-fig. 5F, G), represented

by small-sized (100–200 µm) tests. In some samples this

species constitutes up to 70% of the whole assemblage

(Text-fig. 4). Other calcareous forms include: infrequent

miliolids, Ophthalmidium carinatum agglutinans (Text-

fig. 7 D, E), O. carinatum terquemi, and Paleomiliolina

czestochowiensis; and infrequent nodosariids, Nodosaria
pulchra and Geinitzinita nodosaria. The family Vagin-

ulinidae is represented by Lenticulina helios, L. mamil-
laris, L. kujaviana, L. volubilis, Saracenaria tricostata,

Planularia eugenii, and representatives of Astacolus,

Citharina and Ichtyolaria. Additionally, Spirillina radi-
ata, Paalzowella pazdroe, Epistomina pentarima, Rein-
holdella crebra and Lagena globosa (Text-fig. 7H) occur

occasionally.
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Text-fig. 4. Relative abundance (%) of calcareous and agglutinated foraminifers and distinguished type of foraminiferal assemblages (I and II) in the Gnaszyn 

sections A, B and C 



Agglutinated foraminifera constitute roughly 20% of

the assemblages (Text-fig. 4), and are represented by Am-
modiscus cf. glumaceus (Text-fig. 5E), Ammodiscus sp.,

Reophax fusiformis, Reophax sp. (Text-fig. 5A), Hap-
lophragmoides sp (Text-fig. 5D) and Ammobaculites sp.

Type II assemblages are present in the lowermost and

upper part of section A (samples Gns32–38 and Gns8–

13 respectively), in the lower part (samples Gns14A–16)

and topmost part of section B (sample Gns23), and in the

lower part of section C (samples Gns24–28).
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Text-fig. 5. Foraminifera from the Gnaszyn ore-bearing clays: representatives of ag1, ag2, ag3, c1 and c2 morphogroups (SEM microphotographs; scale bar – 100 µm):

A, B – ag2 morphogroup: A – Reophax fusiformis (Willamson), B – Reophax sterkii Hausler; C, D – ag1 morphogroup: C – Ammobaculites fontinensis (Terquem),

D – Haplophragmoides sp.; E – ag3 morphogroup: Ammodiscus cf. glumaceus Gerke and Sossipatrova; F-I – c1 morphogroup: F-G – Epistomina nuda Terquem, 

H, I – Epistomina regularis Terquem; J – c2 morphogroup: Lenticulina mamillaris (Terquem)



Type II assemblages are characterised by higher tax-

onomic richness than type I assemblages (Text-fig. 3).

The most diverse and numerous specimens within type

II assemblages have been observed in horizons with

siderite concretions (samples Gns35–37, Gns14A–16,

Gns12–13, Gns23 and Gns28).

Similarly as type I assemblages, type II assemblages

are dominated by benthic calcareous species, which

comprise between 70% and 80% of the assemblage

(Text-fig. 4). The most frequent are species of the fam-

ily Ceratobuliminidae (about 30%) which show higher

taxonomic diversity than in type I assemblages. Cerato-
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Text-fig. 6. Foraminifera from the Gnaszyn ore-bearing clays: representatives of c2 and c3 morphogroups (SEM microphotographs; scale bar – 100 µm): A-E, G-

I – c2 morphogroup: A – Lenticulina (Astacolus) dictyotes dictyotes (Deecke), B – Lenticulina munsterii (Roemer), C – Lenticulina (Astacolus) argonauta (Kopik),

D – Lenticulina helios (Terquem), E – Planularia prava (Terquem), G – Planularia eugenii (Terquem), H – Saracenaria tricostata (Mitjanina), I – Astacolus matuti-
nus (d’Orbigny); F, J-M – c3 morphogroup: F – Nodosaria pulchra (Franke), J – Geinitzinita nodosaria (Terquem), K – Palmula deslongchampsi (Terquem), 

L – Citharina cf. oolithica (Schwager), M – Nodosaria dispar Franke



buliminidae consist not only of smooth forms, such as

Epistomina nuda, but also of species with ornamented

tests, such as Epistomina regularis [Text-fig. 5H, I],

Epistomina costifera, and Garantella aff. stellata. Also

frequent is the family Vaginulinidae, represented by the

genus Lenticulina (i.e., L. muensteri [Text-fig. 6B], L.
mamillaris [Text-fig. 5J], L. (Astacolus) dictyotes dicty-
otes [Text-fig. 6A], L. helios [Text-fig. 6D], L. (Astaco-
lus) argonauta [Text-fig. 6C], L. cf. ruesti, and L. quen-
stedti). The other Vaginulinidae species include:
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Text-fig. 7. Foraminifera from the Gnaszyn ore-bearing clays: representatives of the c3, c4 and c5 morphogroups, and planktonic foraminifera (SEM microphotographs;

scale bar – 100 µm): A, B – c3 morphogroup: A – Ichtyolaria sp., B – Nodosaria plicatilis Wiśniowski; C-G – c4 morphogroup: C – Paleomiliolina rawiensis (Pazdro),

D, E – Ophthalmidium carinatum agglutinans Pazdro, F – Paleomiliolina czestochowiensis (Pazdro), G – Ophthalmidium carinatum terquemi Pazdro; H-J – c5 mor-

phogroup: H – Lagena globosa (Montagu), I – Spirillina radiata Terquem, J – Paalzowella pazdroe Bielecka and Styk; K – planktonic formaminifera: Globuligerina
bathoniana (Pazdro)
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Astacolus matutinus (Text-fig. 6I), A. franconicus, A.
suprajurassicus, Saracenaria oxfordiana, S. tricostata
(Text-fig. 6H), Citharina cf. oolithica (Text-fig. 6L),

Citharina sp., Planularia eugenii (Text-fig. 6G), P. prava
(Text-fig. 6E) and Palmula deslongchampsi (Text-fig.

6K). Type II assemblages are also characterised by a

higher frequency and higher diversity of miliolids: Oph-
thalmidium carinatum agglutinans, O. carinatum ter-
guemi (Text-fig. 7G), Paleomiliolina czestochowiensis
(Text-fig. 7F) and Paleomiliolina rawiensis (Text-fig.

7C), and the family Nodosariidae: Nodosaria pulchra
(Text-fig. 6F), N. dispar (Text-fig. 6M), N. plicatilis
(Text-fig. 7B), Geinitzinita nodosaria (Text-fig. 6J) and

Dentalina sp. Additional calcareous species found in

type II assemblages include Ichtyolaria cf. nympha,

Ichtyolaria sp. (Text-fig.7A), Spirillina radiata (Text-fig.

7I), Paalzowella pazdroe (Text-fig. 7J), Lagena glo-

bosa, Trocholina conica and the incrusting species Vinel-
loidea infraoolithica. Exclusively in type II assemblages

occur: Glomospira gordialis, Ammobaculites fontinen-
sis (Text-fig. 5C), Reophax sterkii (Text-fig. 5B), and

species of the genera Ammodiscus, Haplophragmoides,
Trochamminoides, Recurvoides, Ammobaculites and

Trochammina. When compared with type I assemblages,

type II assemblages contain more agglutinated

foraminifers, reaching up to 30% of the assemblage

(Text-fig. 4). 

Benthic foraminiferal morphogroups 

Based on test shape and chamber arrangement, as

well as on microhabits (feeding strategy and/or living po-

sition), eight morphogroups within the benthic

foraminifers have been distinguished; 3 in agglutinated

Text-fig. 8. Morphogroups of benthic foraminifers distinguished in the Middle-Upper Bathonian deposits of the Gnaszyn succession
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(ag1–ag3; Text-fig. 8) and 5 in calcareous foraminifera

(c1–c5; Text-fig. 8). [For a species list of a particular

morphogroup see Appendix II.] The grouping is based on

models proposed earlier for agglutinated (Jones and

Charnock 1985; Nagy 1992; Tyszka 1994; Kuhnt et al.
1996; Nagy et al. 2009; Reolid et al. 2010) and calcare-

ous assemblages (Bernhard 1986; Koutsoukos et al.
1990; Szydło 2004; Reolid et al. 2008, 2008a). 

Morphogroups of agglutinated foraminifers 

Morphogroup ag1: Composed of multilocular,

planoconvex, planispirally or trochospirally coiled mor-

photypes of the genera Haplophragmoides, Recurvoides,
Trochamminoides and Trochammina. Recent forms of

this morphotypes are active omnivorous epifaunal taxa

attached to algae and sea-grasses, or deposit feeding

semi-infaunal taxa grazing on the sediment interface

(Jones and Charnock 1985). They dominate horizons

with sideritic concretions (type II assemblages); only a

few specimens have been found in type I assemblages,

characterising the intervening intervals. 

Morphogroup ag2: Consists of multilocular

foraminifera with subcylindrical or tapered morpho-

types. The majority of species belong to infaunal deposit

feeders, detritivorous and microbial scavengers (Jones

and Charnock 1985; Kaminski et al. 1988; Nagy 1992;

Reolid et al. 2008). In the studied succession this mor-

phogroup includes representatives of the genera Reophax
and Ammobaculites, which are the most frequent in type

II assemblages, and hardly present in type I assem-

blages. 

Morphogroup ag3: Composed of one morphotype with

usually flattened, planispirally coiled tests (also irregu-

lar in shape), of the genera Glomospira and Ammodiscus.
Extant foraminifera of this morphotype represent om-

nivorous epifaunal taxa living attached to algae and sea-

grasses, or living directly on the sea bottom (Jones and

Charnock 1985). Representatives of this morphogroup

are rather uncommon in the studied deposits; however

their number is higher in the horizons with sideritic con-

cretions.

Morphogroups of calcareous foraminifera 

Morphogroup c1: Composed of multilocular,

plano/concavo-convex trochospirally coiled morpho-

types with a convex spiral side. In the material studied,

morphogroup c1 is represented by Epistomina, Rein-
holdella and Garantella. Extant counterparts inhabit

shelf environments where they live at the sediment sur-

face as deposit feeders, detritivorous or omnivorous epi-

faunal taxa. In the studied succession a mass occurrence

of Epistomina nuda is observed in type I assemblages.

A high frequency of smooth-shelled small-sized taxa is

reported from environments with depleted oxygen con-

tent (Bernhard 1986; Koutsoukos et al. 1990; Tyszka

1994). Morphogroup c1 of type II assemblages is char-

acterised by a higher taxonomic diversity, including both

smooth and ornamented taxa of the genera Epistomina
and Garantella.

Morphogroup c2: Composed of forms lenticular in

shape, with multilocular, biconvex, planispirally coiled,

smooth or weakly ornamented tests. The genera Lentic-
ulina, Astacolus, Planularia and Saracenaria belong

here. Included taxa are epifaunal or shallow infaunal ac-

tive deposit feeders having both a herbivorous and de-

tritivorous diet. They prefer well ventilated shelf envi-

ronments with a high oxygen content in the bottom

waters (Bernhard 1986; Koutsoukos et al. 1990). Juras-

sic Lenticulina had a higher ecological tolerance and op-

portunistic behaviour than extant forms (Rey et al. 1994;

Tyszka 1994; Reolid et al. 2008). Morphogroup c2 is in-

frequent in type I assemblages and is quite frequent in

type II assemblages.

Morphogroup c3: Represented by elongate, straight to

arcuate morphotypes, with multilocular smooth or or-

namented tests, of the genera Dentalina, Nodosaria,

Geinitzinita, Ichtyolaria, Palmula, Frondicularia and

Citharina. These are epifaunal or shallow infaunal de-

posits feeders (omnivorous, herbivorous, and microbial

scavengers) preferring well oxygenated environments

(Koutsoukos et al. 1990). Some morphotypes (e.g., Plan-
ularia and Frondicularia) tolerate environments with re-

duced oxygen (Bernhard 1986). Morphogroup c3 occurs

most frequently in type II assemblages.

Morphogroup c4: Composed of benthic calcareous

foraminifera with porcellaneous tests. These are multi-

locular taxa with an elongate test of fusiform and trun-

cate outline, represented by miliolids belonging to the

genera Ophthalmidium and Paleomiliolina. Recent

foraminifera with similar morphology are epifaunal, ac-

tive deposit feeders (both detritivorous and herbivo-

rous). They prefer shallow, well ventilated and oxy-

genated shelf environments (Koutsoukos et al. 1990).

Morphogroup c4 is frequent in type II assemblages, rare

in type I assemblages.

Morphogroup c5: Composed of diverse morphotypes

of discoidal and globular to ovate, as well as conical

shells. Their representatives, Lagena, Spirillina, Tro-
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cholina and Paalzowella, are active deposit feeders (her-

bivorous, omnivorous, and microbial scavengers), epi-

faunal, or shallow inflaunal, vagile or sessile (Kitazato

1988). Some are shallow omnivorous infauna living at

the water-sediment interface (Koutsoukos et al. 1990).

They prefer well oxygenated environments, although

can tolerate depleted oxygen content (Szydło 2005; Re-

olid et al. 2008a). In the studied material morphogroup

c5 is rare; more common in type II assemblages, in

which an incrusting species, Vinelloidea infraoolithica,

has been found.

DISCUSSION: PALEOENVIRONMENTAL IMPLI-

CATIONS

The geochemical data from the Gnaszyn succession

(Szczepanik et al. 2007; Zatoń et al. 2009) do not show

significant variations, suggesting stable redox condi-

tions during the Middle–Late Bathonian (Subcontractus

through Retrocostatum zones) in the area. According to

Szczepanik (Szczepanik et al. 2007) the succession was

deposited in a normal marine environment under rela-

tively well oxygenated (oxic to suboxic) bottom water

conditions. 

In contrast, foraminiferal assemblages in the suc-

cession show significant changes in their morphogroup

composition (Text-fig. 9). These changes are recorded by

fluctuating frequencies of particular morphotypes, which

apparently reflect fluctuating palaeoenvironmental con-

ditions during sedimentation of the Gnaszyn succes-

sion. The microfossil assemblages were thus much more

sensitive to even subtle environmental changes than the

geochemical record of the sediment. This agrees well

with numerous reports emphasizing that benthic

foraminifera are very good indicators of the nature of the

sea bottom (e.g., Rey et al. 1994; Tyszka 1994; Nagy et
al. 1995; Fugagnoli 2004; Reolid et al. 2010).

Type I assemblages, as defined herein, typical of

deposits devoid of horizons with sideritic concretions,

contain foraminifera dominated by epifaunal and shallow

infaunal, mainly calcareous morphotypes (about 80% of

the specimens in the assemblages) (Text-fig. 10A). The

calcareous epifauna consist mainly of active, omnivorous

deposit feeders of the family Ceratobuliminidae, repre-

sented chiefly by Epistomina nuda, a small-sized (up to

250 µm), non-ornamented, perforated, thin-walled form.

This species belongs to morphogroup c1, comprising

mostly opportunistic taxa, inhabiting oxygen-depleted,

outer shelf environments (Bernhard 1986; Koutsoukos et
al. 1990). Sagasti and Ballent (2002) described a mono-

typic assemblage of Epistomina associated with eu-

trophication of surface waters and development of low-

oxygen conditions on the sea-floor. According to those

authors, a bi/plano-convex trochospiral test, an epifau-

nal/semi-epifaunal microhabitat, and a deposit-feeding

trophic strategy are favourable features for adaptation to

oxygen-depressed sea-bottom conditions.

Studies on Recent foraminifers inhabiting oxygen-

restricted environments demonstrate that such forms are

frequently of small size because of their rapid repro-

duction in stress conditions (Phleger and Soutar 1973;

Van der Zwaan and Jorissen 1991; Fugagnoli 2004),

and may reflect difficulty in secreting carbon carbonate

in hypoxic conditions (Bernhard 1986; Kaiho 1994). 

The remaining calcareous morphogroups distin-

guished within type I assemblages are rather uncommon.

These are mainly epifaunal or shallow infaunal mor-

photypes, represented by truncate miliolids (mor-

phogroup c4), elongate nodosariids (morphogroup c3)

and lenticular vaginulinids (morphogroup c2). Mor-

phogroup c5 is represented by rare specimens of dis-

coidal Spirillina, conical Paalzowella and ovate La-
gena.

Agglutinated foraminifers of type I assemblages are

represented by rare epifaunal and shallow infaunal mor-

photypes (about 18 % of the specimens in the assem-

blages) (Text-fig. 10A) of the genera Haplophragmoides
(morphogroup ag1), Ammodiscus (morphogroup ag3)

and Ammobaculites. In the Jurassic, Ammobaculites is in-

terpreted as a shallow infaunal, detrital and bacterial

scavenger (Nagy 1992; Tyszka 1994); however, small

specimens are most common in the shallow restricted

water environments with reduced salinity or oxygen

(Barnard et al. 1981). Infaunal morphotypes are rather

uncommon and represented by elongate Reophax (mor-

phogroup ag2), which constitutes about 2% of the spec-

imens in type I assemblages (Text-fig. 10A). In Meso-

zoic, Reophax is interpreted as an opportunistic (r-

strategists) taxon with high vertical mobility and re-

garded as, most likely, deeply infaunal (Nagy 1992;

Tyszka 1994). In restricted conditions of high sedimen-

tation and high organic matter flux these foraminifers live

as shallow infauna in oxygen-depleted sediment and

low mesotrophic conditions (Reolid et al. 2008). Type I

assemblages are strongly dominated by a single cal-

careous morphotype of morphogroup c1 (i.e., Epistom-
ina nuda) with low frequencies of other morphotypes,

both calcareous and agglutinated morphogroups. A high

proportion of small epifaunal taxa, restricted occurrence

of shallow infaunal forms and scarcity of potentially

deep infaunal species suggests restricted environmental

conditions, most likely caused by an abundant influx of

terrestrial organic matter. 

Palynological analysis (Gedl and Ziaja 2012, this is-

sue) has demonstrated the ubiquity of terrestrial ele-
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Text-fig. 9. Percentage distribution of calcareous and agglutinated foraminiferal morphogroups in the Gnaszyn sections A, B and C



ments in all of the studied samples, albeit displaying sig-

nificant vertical fluctuations in its content. According to

those authors, the high frequency of cuticles and  great

number of Lowland sporomorphs occur in samples col-

lected from just below and above the concretion levels,

which may be related to an increased influx of terrestrial

organic matter from the surrounding land. Numerous au-

thors have shown that an increase in the organic matter

content of the sediment produces an increase in the

metabolic activity of the microbiota, consuming the oxy-

gen of the pore water. The degree of oxygenation and the

position of the redox boundary in the sediment control

the structure of the benthic foraminiferal communites.

Under conditions of very high organic influx, the redox

boundary may be close to the sediment-water interface,

favouring opportunistic forms dominated by epifaunal

detritus feeders and shallow infaunal forms (Kuhnt et al.
1996; Fugagnoli 2004; Reolid et al. 2008, 2010). 

Type I assemblages, with high ratios of opportunis-

tic epifauna to infauna suggests rather low mesotrophic

(or eutrophic) conditions of the surface waters and oxy-

gen-depressed sea-bottom conditions. This conclusion is

supported by the associated low diversity trace fossil as-

semblages in the same intervals (Leonowicz 2012, this

issue). Type I assemblages are usually interpreted as in-

habiting mid- to outer-shelf and upper continental slope

(e.g., Olóriz et al. 2003; Reolid and Nagy 2008; Reolid

et al. 2008).

Type II foraminiferal assemblages show much higher

taxonomic diversity among both calcareous and agglu-

tinated foraminifers. There is no single morphotype

dominating the assemblage as in the case of type I as-

semblages (Text-fig. 9). The calcareous taxa are mainly

epifaunal and shallow infaunal deposit feeders (grazing

herbivores, omnivorous, and bacterial/detrital scav-

engers) (about 70% of the specimens) (Text-fig. 10B).

The most frequent belong to morphogroup c1, including

ornamented species of Epistomina and Garantella. The

other calcareous morphogroups of the type II assem-

blages are represented by numerous fusiform and trun-

cate morphotypes of miliolids (morphogroup c4). The

miliolids (mainly Ophthalmidium) are typical of well-

oxygenated shallow-water environments. They are in-

tolerant of oxygen-deficient conditions, due to their im-

perforate tests, which impede gas exchange with the

water. In modern faunas, miliolids are characteristic of

the intertidal zone and inner shelf and increase in abun-

dance with increasing food supply (Bandy 1956). Of the

lenticular, biconvex, planispirally coiled nodosariids

(morphogroup c2), the representatives of Lenticulina
are the most abundant and richest taxonomically. In the

early Jurassic, the lenticular morphogroup predominates

in oxic sediments (Bernhard 1986); however, the cos-

mopolitan Lenticulina successfully occupied a wide

range of microhabitats during the Jurassic (Bernhard

1986; Corliss and Chen1988; Koutsoukos et al. 1990;

Rey at al. 1994; Tyszka 1994). Morphogroup c3 is rep-

resented by elongate, straight to arcuate multilocular

morphotypes of various vaginulinids. In contrast, repre-

sentatives of discoidal and conical morphotypes, as well

ovate forms of Lagena (morphogroup c5) are less fre-

quent. Agglutinated foraminifers are more numerous in

type II assemblages than in the assemblages of type I.

They include mainly epifaunal and shallow infaunal

morphotypes, which constitute about 25% of the speci-

mens in type II assemblages (Text-fig. 10B). They are

represented by epifaunal, trochospirally coiled morpho-

types of morphogroup ag1 (Haplophragmoides, Recur-
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Text-fig. 10. Average values of the proportions of the test type and life habit of the foraminiferal assemblages from the Gnaszyn succession; A – assemblages type I; 

B – assemblagrs type II
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voides, Trochamminoides and Trochammina), planispi-

rally coiled morphotypes also including irregularly-

shaped representatives of Glomospira and Ammodiscus
(morphogroup ag3) and  shallow infaunal species of the

genus Ammobaculites (morphogroup ag2). Opportunis-

tic infauna is represented by elongate morphotypes of the

genus Reophax, which constitutes about 5% of the spec-

imens in type II assemblages (Text-fig. 10B).

Levels with type II foramniferal assemblages, are

characterized by a smaller supply of organic terrestrial

debris, and a higher content of black opaque phyto-

clasts, typical of marine offshore settings with a limited

terrigenous influx. Cuticles are less common and the

sporomorph assemblages contain a high proportion of

taxa characteristic of communities growing in hinterland

(Upland SEG) (Gedl and Ziaja 2012, this issue). The

number of macrobenthic inhabitants, which favour pe-

riods of slower sedimentation, like some bivalves, gas-

tropods and scaphopods, increases (Kaim 2012; Kaim

and Sztajner 2012, both this issue). The trace fossils are

more diverse and suggest better oxygenation of bottom

sediment (Leonowicz 2012, this issue).

High taxonomic diversity and specimen abundance,

and morphotype variability within type II assemblages

suggests optimum living conditions in respective inter-

vals of the succession, with high oxygen content in bot-

tom waters and in the sediment, and with sufficient food

supply (Bernhard 1986; Koutsoukos et al. 1990; Olóriz

et al. 2003 among others).  Such conditions could have

been caused by a slower sedimentation rate and more sta-

ble, (high) mesotrophic conditions. The increased oxy-

genation and decreased organic influx produced a deeper

redox boundary and provided optimum conditions for di-

verse epifaunal, shallow-infaunal and infaunal forms

(Kuhnt et al. 1996; Fugagnoli 2004; Lemańska 2005; Re-

olid et al. 2008). Consequently, it may be assumed that

type II assemblages probably inhabited neritic, inner

shelf areas, with well ventilated waters caused by off-

shore currents.

CONCLUSION   

The Middle Jurassic ore-bearing clays from Gnaszyn

contain diverse foraminiferal associations, which are a

good tool in the reconstruction of sedimentary environ-

ment. 56 species recognized in the studied material are

represented mostly by benthic species dominated by

calcareous forms. 

Two types of foraminiferal assemblages (I and II) are

identified, which reflect changes in lithology. These as-

semblages are composed of morphologically diverse

taxa arranged into three agglutinated and five calcareous

morphogroups. Changes in morphogroup composition

are recorded by fluctuating frequencies of particular

morphotypes, which apparently reflect different

palaeoenvironmental conditions during the sedimenta-

tion of the deposits. 

Type I assemblages are typical of dark-coloured fine-

grained deposits, lying between horizons with sideritic

concretions. These assemblages are characterised by

low morphotype diversity (dominated by small

plano/concavo-convex epifaunal deposit feeders), re-

stricted occurrence of shallow infaunal forms and rare

occurrence of deep infaunal species. Such a composition

suggests low-oxygen content in both sediment and bot-

tom waters. It may also suggest a high sedimentation

rate. Such assemblages inhabited the outer shelf and up-

per continental slope.

Type II assemblages characterise horizons with

sideritic concretions. They are characterised by high

taxonomic diversity, high specimen abundance, and the

presence of various epifaunal and infaunal morphotypes

representing a mixed group of specialized feeding strate-

gies. Such a composition suggests that the intervals in

which Type II assemblages occur were characterised by

a slower sedimentation rate, well oxidised and mixed

bottom waters and sufficient food supply in the neritic in-

ner shelf. 
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Ammobaculites fontinensis (Terquem, 1870)

Ammobaculites sp.

Ammodiscus cf. glumaceus Gerke & Sossipatrova, 1961

Ammodiscus sp.

Astacolus matutinus (d’Orbigny, 1850)

Astacolus franconicus (Gümbel, 1862)

Astacolus suprajurassicus (Schwager, 1865)

Citharina cf. oolithica (Schwager, 1887)

Citharina sp.

Dentalina sp.

Epistomina cosifera Terquem, 1883

Epistomina nuda Terquem, 1883

Epistomina pentarima Dain, 1953 

Epistomina regularis Terquem, 1883

Frondicularia sp.

Garantella aff. stellata Kaptarenko, 1959

Geinitzinita nodosaria (Terquem, 1870) 

Glomospira gordialis (Jones & Parker, 1860 )

Globuligerina bathoniana (Pazdro, 1969)

Haplophragmoides sp.

Ichtyolaria cf. nympha Kopik, 1969

Ichtyolaria sp.

Lagena globosa (Montagu, 1803)

Lenticulina (Astacolus) argonauta (Kopik, 1969)

Lenticulina (Astacolus) dictyotes dictyotes (Deecke, 1884)

Lenticulina helios (Terquem, 1869)

Lenticulina kujaviana Kopik, 1969

Lenticulina mamillaris (Terquem, 1886)

Lenticulina muensteri (Roemer, 1839)

Lenticulina quenstedti (Gümbel, 1862) 

Lenticulina cf. ruesti (Wiśniowski, 1890)

Lenticulina volubilis Dain, 1958 

Nodosaria dispar Franke,1936

Nodosaria plicatilis Wisniowski, 1890

Nodosaria pulchra (Franke, 1936)

Ophthalmidium carinatum agglutinans Pazdro, 1958

Ophthalmidium carinatum terquemi Pazdro, 1958

Paalzowella pazdroe Bielecka & Styk, 1969

Paleomiliolina czestochowiensis (Pazdro, 1959)

Paleomiliolina rawiensis (Pazdro, 1959 )

Palmula deslongchampsi (Terquem, 1864)

Planularia eugenii (Terquem, 1864)

Planularia prava (Terquem, 1870)

Recurvoides sp.

Reinholdella crebra Pazdro, 1969

Reophax fusiformis (Willamson, 1858)

Reophax sterkii Hausler, 1890

Reophax sp.

Saracenaria oxfordiana Tappan, 1955

Saracenaria tricostata (Mitjanina, 1955)

Spirillina radiata Terquem, 1886

Spirillina sp.

Trochammina sp.

Trochamminoides sp.

Trocholina conica Schlumberger,1898

Vinelloidea infraoolithica (Terquem, 1870)

Morphogroup ag1:

Haplophragmoides sp.

Recurvoides sp.

Trochammina sp.

Trochamminoides sp.

Morphogroup ag2:

Ammobaculites fontinensis (Terquem)

Ammobaculites sp.

Reophax fusiformis (Willamson)

Reophax sp.

Reophax sterkii Hausler

Morphogroup ag3:

Ammodiscus cf. glumaceus Gerke & Sossipatrova

Ammodiscus sp.

Glomospira gordialis (Jones & Parker)

Morphogroup c1:

Epistomina cosifera Terquem

Epistomina nuda Terquem

Epistomina pentarima Dain 

Epistomina regularis Terquem

Garantella aff. stellata Kaptarenko

Reinholdella crebra Pazdro

Morphogroup c2:

Astacolis matutinus (d’Orbigny)

Astacolus franconicus (Gümbel)

Astacolus suprajurassicus (Schwager)

Lenticulina (Astacolus) argonauta (Kopik)

Lenticulina (Astacolus) dictyotes dictyotes (Deecke)

Lenticulina helios (Terquem)

Lenticulina kujaviana Kopik

Lenticulina mamillaris (Terquem)

Lenticulina muensteri (Roemer)

Lenticulina quenstedti (Gümbel)

Lenticulina cf. ruesti (Wiśniowski)

Lenticulina volubilis Dain

Planularia eugenii (Terquem)

Planularia prava (Terquem)

Saracenaria oxfordiana Tappan

Saracenaria tricostata (Mitjanina)

Morphogroup c3:

Citharina cf. oolithica (Schwager)

Citharina sp.

Dentalina sp.

Frondicularia sp.

Geinitzinita nodosaria (Terquem)

Ichtyolaria cf. nympha Kopik

Ichtyolaria sp.

Morphogroup c4:

Nodosaria dispar Franke

Nodosaria plicatilis Wiśniowski

Nodosaria pulchra (Franke)

Ophthalmidium carinatum agglutinans Pazdro

Ophthalmidium carinatum terguemi Pazdro

Paleomiliolina czestochowiensis (Pazdro)

Paleomiliolina rawiensis (Pazdro)

Palmula deslongchampsi (Terquem)

Morphogroup c4:

Lagena globosa (Montagu)

Paalzowella pazdroe Bielecka & Styk

Spirillina radiata Terquem

Spirillina sp.

Trocholina conica Schlumberger

Vinelloidea infraoolithica (Terquem)

Appendix I

An alphabetic list of foraminifera from studied sections of the ore-bearing clays at Gnaszyn is presented below.

Appendix II

Below, lists of distinguished foraminifera species representing particular morphgroups are presented.
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